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(57) ABSTRACT

An electric fluid pump and method of regulating flow of
liquid therethrough 1s provided. The pump has an electric
motor including a stator and a rotor, wherein the rotor 1s
supported for rotation to drive an impeller that 1s fixed
thereto for rotation to pump coolant from a fluid inlet to a
fluid outlet. A controller 1s 1n operable, closed loop com-
munication with the electric motor, and the impeller 1s
operable to rotate 1n a {irst rotary pumping direction and an
opposite second rotary pumping direction in response to a
signal from the controller. The first rotary pumping direction
produces a {irst positive flow rate of coolant outwardly from
the fluid outlet and the second rotary pumping direction
produces a second positive tlow rate of coolant outwardly
from the flmd outlet, with the first positive flow rate being
greater than the second positive tlow rate.
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SENSORLESS LOW FLOW ELECTRIC
WATER PUMP AND METHOD OF
REGULATING FLOW THEREWITH

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Application Ser. No. 62/009,572, filed Jun. 9, 2014, which
1s incorporated herein by reference in its entirety.

FIELD

The present disclosure relates to an improved electric
water pump and, more particularly, to a sensorless low flow
clectric water pump and method of controlling such an
clectric water pump.

BACKGROUND

This section provides background information related to
the present disclosure which 1s not necessarily prior art.

Virtually all motor vehicles are equipped with a coolant
pump, commonly referred to as a water pump, to circulate a
liquid coolant through the engine cooling circuit for the
purpose ol controlling thermal transfer from the engine to
the coolant for optimized engine operation. In many
instances, the water pump 1s a belt-driven accessory drive
arrangement driven ofl of the engine’s crankshatt. Typically,
some type of clutch 1s provided to regulate pump operation
and mimimize system losses. Recently, many vehicles have
been equipped with electric water pumps that can be vari-
able controlled to provide improved pumping efliciency.
Many types of electric water pumps are used in vehicular
operations, and are typically driven solely in a first or
“pumping” direction. Limited rotation in a second direction
1s sometimes provided to dislodge debris.

A preferred method of controlling a brushless direct
current (BLDC) motor 1s referred to as “sensorless control”,
where the position of the rotor relative to the stator i1s
determined by reading the back electromotive force (EMF)
generated by the magnets 1n the rotor passing the coils 1n the
stator. This 1s preferred because 1t 1s less costly than use of
sensors to detect the rotor position. The downside of sen-
sorless control 1s that 1t limits the minimum speed that a
motor can reach in closed loop control while maintaining an
ability to read the EMF, which, for example, 1s typically
about 10-15% of the maximum motor speed. A typical water
pump operates at a maximum motor speed of about 6000
rpm, and thus, the minimum speed at which the sensorless
control 1n a closed loop arrangement 1s generally effective 1s
about 600 rpm. The water pump can run with sensorless
control at lower speeds, but only 1n an open loop control
arrangement. Unfortunately, without proper feedback to
determine the position of the rotor relative to the stator, the
pump may lose diagnostic capability (1.e. 1t cannot verify its
operational accuracy) and, therefore, requires additional
power to reliably ensure rotation.

Thus a need exists for an electric water pump that can
provide a very low flow, while maintamning an ability to
utilize sensorless control during the low flow condition,
thereby avoiding the power penalty associated with running,
the pump 1n an open loop arrangement. The goal 1s to meet
very low flow requirements relative to the maximum speed
of the pump without need for expensive sensors, loss of
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2

diagnostic feedback and/or higher power consumption asso-
ciated with conventional open loop control.

SUMMARY

This section provides a general summary of the present
disclosure and i1s not mtended to be a comprehensive dis-
closure of its full scope, aspect, objectives and/or features.

In accordance with one aspect of the invention, an electric
fluid pump for use 1n motor vehicle 1s provided. The pump
includes a pump housing defining a fluid chamber and a
motor chamber. The fluid chamber 1s 1n fliid communication
with a fluid inlet and a fluid outlet for providing flow of a
coolant through said fluid chamber. The pump further
includes an electric motor disposed within the motor cham-
ber, with the electric motor including a stator and a rotor,
wherein the rotor 1s supported for rotation relative to the
stator by a rotor shaft extending along a longitudinal axis
through the fluid chamber. Further yet, an impeller 1s fixed
to the rotor shaft for rotation in the fluid chamber, with the
impeller being operable to pump coolant from the fluid nlet
to the fluid outlet. A controller 1s 1n operable communication
with the electric motor, and the impeller 1s operable to rotate
in a first rotary pumping direction and an opposite second
rotary pumping direction in response to a signal from the
controller. The first rotary pumping direction produces a first
positive flow rate of coolant outwardly from the fluid outlet
and the second rotary pumping direction produces a second
positive flow rate of coolant outwardly from the fluid outlet,
wherein the first positive flow rate 1s greater than the second
positive tlow rate.

It 1s an aspect of the present disclosure to provide an
clectric water pump for use 1 motor vehicle applications
capable of providing very low coolant flow capabilities,
such as while operating at a reduced percentage of its
maximum operational speed, while maintaining closed loop
control and low power requirements.

It 1s a related aspect of the present disclosure to provide
an electric water pump providing very low coolant tlow
requirements relative to maximum coolant flow require-
ments without sensors, loss of diagnostic feedback, or higher
power consumption of the type required for conventional
clectric pumps having low speed, open loop controls.

It 1s another aspect of the present disclosure to provide an
clectric water pump operable 1 a first rotary pumping
direction to provide high coolant tlow requirements and in a
second rotary pumping direction to provide low coolant flow
requirements 1n a fluid-based coolant system having a uni-
directional coolant tflow circuit. This aspect may be provided
by an electrically-driven centrifugal water pump in the
engine cooling system of a motor vehicle.

In accordance with yet another aspect of the mvention, a
method 1s provided for regulating the positive, unidirec-
tional flow of fluid through an electric fluid pump having an
clectric motor, including a stator and a rotor supported for
rotation relative to the stator by a rotor shaift, and having an
impeller fixed to the rotor shaft for rotation to pump coolant
from a fluid 1nlet to a fluid outlet, and having a controller 1n
closed loop commumication with the electric motor. The
method 1includes commanding the impeller to rotate 1n a first
rotary direction and an opposite second rotary direction in
response to a signal received from the controller, with the
first rotary direction producing a first positive tlow rate of
the coolant outwardly from the fluid outlet and the second
rotary direction producing a second positive flow rate of the
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coolant outwardly from the fluid outlet, wherein the first
positive flow rate 1s greater than the second positive tlow
rate.

In accordance with a further aspect of the imnvention, the
method further includes continuously monitoring a real-time
rotational speed of the impeller with the controller via closed
loop control and comparing the real-time rotational speed
with a predetermined target speed signal, and commanding
the impeller to rotate in the relatively high flow rate first
rotary direction when the target speed signal 1s greater than
the real-time rotational speed, and commanding the impeller
to rotate in the relatively low flow rate second rotary
direction when the target speed signal 1s less than the
real-time rotational speed.

Further areas of applicability will become apparent from
the description provided herein. The description and specific
examples 1 this summary are intended for purposes of
illustration only and are not intended to limit the scope of the
present disclosure.

DRAWINGS

The drawings described herein are for illustrative pur-
poses only of selected embodiments and not all possible
implementations, and are not intended to limit the scope of
the present disclosure.

FIG. 1 1s a schematic of a coolant system in accordance
with one aspect of the mvention for pumping liquid coolant
through an engine of a motor vehicle;

FIG. 2 1s a cross-sectional view of an exemplary water
pump of the coolant system of FIG. 1;

FI1G. 3 1s a schematic of a closed loop control system used
to control the rotation direction of an impeller of the water
pump; and

FIG. 4 1s a graph illustrating various characteristics of a
pump constructed 1n accordance with an exemplary embodi-
ment of the invention while operating 1n opposite rotational
directions.

DETAILED DESCRIPTION

At least one example embodiment will now be detailed 1n
conjunction with the accompanying drawings.

FIG. 1 shows a simplified schematic illustration of a
motor vehicle 10 having a liquid coolant type cooling
system 12 for optimally controlling heat transfer from an
internal combustion engine 14. An electric fluid pump, also
referred to as water pump or simply pump 16 (representative
embodiment shown 1n FIG. 2), has an inlet 18 communi-
cating with an outlet 20 of the engine’s coolant flow circuit
via a first flow pathway 22, while an outlet 24 of pump 16
communicates with an ilet 26 of the engine’s coolant
circuit via a second flow pathway 28. Obviously, engine 14
could also be other type of heat generating devices (i.e.
clectric traction motor, etc.) used to propel the vehicle 10.
The water pump 16 1s preferably a centrifugal type pump,
such as shown 1n FIG. 2, or for example, as disclosed and
described in U.S. Patent App. Publication Numbers 2013/
0259720 and 2014/0017073, the entire disclosures of which
are hereby incorporated by reference. The pump 16 has a
housing 30 defining a fluid chamber 32 and a motor chamber
34, with the fluid chamber 32 being 1n fluid communication
with the fluid 1nlet 18 and the fluid outlet 24 for providing
unidirectional flow of a coolant through the fluid chamber
32. An electric motor 36 1s disposed within the motor
chamber 34. The motor 36 has a stator 38 and a rotor 40
supported for rotation within the stator 38 by a rotor shaft 42
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extending along a longitudinal axis 44 through the fluid
chamber 32. An impeller 46 1s fixed to the rotor shait 42 for
rotation 1n the fluid chamber 32 to pump coolant from the
fluid 1nlet 18 to the fluid outlet 24. A controller 48 1s
arranged 1n closed loop communication with the electric
motor 36 to control the operation of the electric motor 36,
including the operational speed and direction of rotation of
the rotor 40. The impeller 46 1s operable to rotate in a high
flow first rotary direction, such as clockwise (CW), and an
opposite low tlow second rotary direction, such as counter-
clockwise (CCW), 1in response to a signal from the controller
48. For a given rpm, rotation of the impellor 46 1n the first
rotary direction (+rpm) CW produces a first positive flow
rate of coolant outwardly from the fluid outlet 24 and the
second rotary direction (-rpm) CCW produces a second
positive flow rate of coolant outwardly from the fluid outlet
24, wherein the first positive tlow rate 1s substantially greater
than the second positive flow rate for the given rpm (it
should be recognized that the given rpm 1s the same for both
directions CW, CCW with the exception of the direction of
rotation CW, CCW). Accordingly, the pumping efliciency of
the impeller 46 1s greater 1n the positive direction (CW) than
in the negative direction (CCW).

As shown 1n FIG. 3, the controller 48 monitors a real-time
rotational speed “RS” of the impeller 46, which correlates
positively and directly with the flow rate of coolant, and
compares the real-time 1mpeller rotational speed RS with a
desired target rotational speed 1n the form of a target speed
signal “T'S” from an engine control unmit 50 (ECU). The
controller 48 may include an electronic circuit board (ECB)
clectrically connected to the stator 38 and which can be
mounted within the pump housing 30. The controller 48 1s
generally eflective at monitoring the real-time rotational
speed, via EMF feedback, to a rotational speed as low as
about 600 rpm, which 1s generally a significantly reduced
percentage of the maximum rotational speed of the motor
36. By way of example and without limitation, this reduced
percentage can be 1n the range of 5-25% of the maximum
rotational speed, and preferably 1n a range of 5-10%. The
controller 48 automatically commands the motor 36, and
thus impeller 46, via a standard logic signal 52 to the motor
36, to rotate 1n the high flow first rotary direction CW when
the desired coolant flow rate, deduced via direct positive
correlation by the target speed signal ““I'S”, 1s greater than
the real-time coolant flow rate, deduced via direct positive
correlation by the real-time rotational speed RS, and con-
versely, the controller 48 automatically commands the motor
36, via a low speed logic signal 54, to reverse rotation of the
impeller 46 to rotate in the second rotary direction CCW
when the target speed signal “TS” 1s less than the real-time
rotational speed RS. The transition time for the impeller 46
to change rotational directions can be nearly 1nstantaneous
and 1n one non-limiting example, be about 3 seconds or less.
As such, the controller 48 1s able to automatically and
continuously produce the desired flow rate of coolant from
the pump outlet 24 1n closed loop arrangement by actively
monitoring and regulating the speed and direction of rotation
of the impeller 46, wherein the motor 36 generates low
flux/low power consumption and impeller 46 generates a
particularly low flow rate of coolant, including as low as
about 3-5 L/min, for example, due at least in part to the
pumping neiliciency of the impeller 46 while operating in
the reverse CCW direction, while allowing full diagnostics
at low pump speeds and low flow rate of coolant.

Accordingly, 1n accordance with one aspect of the inven-
tion, the pumping netliciency of the mmpeller 46 1n the
reverse direction CCW 1s utilized intentionally to produce
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the desired low tlow rate of coolant, such as in a startup
condition or other condition requiring low coolant flow,
while retaining the ability to monitor and regulate the pump
16 and coolant flow therefrom via relatively low cost,
sensorless arrangement. The ability to use the sensorless
arrangement 1s provided as a result of the pump 16 operating
a rotational speeds of about 600 rpm or greater, whether 1n
the positive rotational direction CW to produce a high
coolant flow rate, such as greater than about 25 L/min, for
example, or 1n the negative direction CCW to produce a low
coolant flow rate, such as less than about 10 L/min. If
desired, once 1n a commanded direction of rotation, whether
CW or CCW, the control logic of the controller 48 can be
programmed to maintain the impeller 46 1n the commanded
direction of rotation for a mimnimum about of time, such as
about 20-30 seconds, by way of example and without
limitation, thereby avoiding an overly rapid reversal of the
impeller 46.

In FIG. 4, empirical data 1s illustrated for a pump 16
constructed 1n accordance with one embodiment of the
invention, by way of example and without limitation, though
it should be recognized that pumps constructed 1n accor-
dance with the mvention can vary from one another while
remaining within the scope of the mvention. Of particularly
noteworthy mention 1s the ability to produce a low coolant
flow rate, such as between about 3-5 [/min at a current draw
less than about 0.6 amps, by way of example and without
limitation, 1n a closed loop diagnostic arrangement. This 1s
particularly useful 1n a start-up condition, when there 1s a
low coolant demand 1n the engine, and during idle or other
low coolant demand scenarios. During the low coolant flow
conditions, the heat generated by the motor 36 and surround-
ing electronics can flow to the coolant, thereby acting to
maintain the motor 36 and electronics, such as the controller
48, for example, at optimal operating temperatures.

In accordance with another aspect of the invention, a
method of regulating the positive, unidirectional tlow of
fluid through an outlet 24 of an electric fluid pump 16 having
clectric motor 36, including a stator 38 and a rotor 40
supported for rotation within the stator 38 by a rotor shait 42,
and having an impeller 46 fixed to the rotor shaft 42 for
rotation to pump coolant from a fluid inlet 18 to the fluid
outlet 24, and having a controller 48 in closed loop com-
munication with the electric motor 36 1s provided. The
method includes commanding the impeller 46 to rotate 1n a
first rotary direction CW and an opposite second rotary
direction CCW 1n response to a signal received from the
controller 48, with the first rotary direction CW producing a
first positive tlow rate of the coolant outwardly from the
fluid outlet 24 and the second rotary direction producing a
second positive flow rate of the coolant outwardly from the
fluid outlet 24, wherein the first positive tlow rate 1s greater
than the second positive flow rate.

The method further includes continuously or substantially
continuously monitoring a real-time rotational speed RS of
the impeller 46 with the controller via closed loop control
and comparing the real-time rotational speed RS with a
predetermined target speed signal TS, and commanding the
impeller 46 to rotate in the first rotary direction CW when
the target speed signal TS i1s greater than the real-time
rotational speed RS, and commanding the impeller 46 to
rotate in the second rotary direction CCW when the target
speed signal TS 1s less than the real-time rotational speed
RS.

The method further includes rotating the impeller 46 at a
mimmum operational positive rotational speed, by way of
example and without limitation, of about 600 rpm 1n the first
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rotary direction CW and at a mimimum operational negative
rotational speed of about —600 rpm i1n the second rotary
direction CCW, taking 1nto account, of course, the transition
rotational speeds therebetween.

The method further includes causing the first positive flow
rate to 1ncrease as the positive rotational speed of the
impeller 46 increases, and causing the second positive tlow
rate to increase as the negative rotational speed of the
impeller increases.

The method further includes configuring the impeller 46
to have a first pumping etliciency while rotating 1n the high
flow rate first rotary direction CW and a second pumping
clliciency that 1s less than the first pumping efliciency while
rotating 1n the low flow rate second rotary direction CCW.

The method can further include configuring the electric

motor 36 to draw less than about 0.6 amps while the impeller
46 rotates 1n the low tlow rate second rotary direction CCW
to produce a second positive tlow rate that 1s less than about
10 liters per minute, and preferably between about 3-5 liters
per minute.
The present disclosure relates to an electric water pump
16 having a rotary pump member 46 capable of being driven
by an electric motor 36 1n a sensorless closed loop control
system 1n a {first rotary direction CW and a second rotary
direction CCW. The first rotary direction CW 1s used to
regulate pumping characteristics, such as tflow rate, when the
target pump speed TS 1s above a determined value RS. The
second rotary direction CCW 1s used to regulate the pump-
ing characteristic when the target pump speed TS 1s less than
the determined value RS. Control in both directions CW,
CCW 1s with similar low power requirements with the
structure of the pump member 46 providing less eflicient
pumping action when driven 1n the second direction CW.

The foregoing description of the embodiments has been
provided for purposes of illustration and description. It 1s not
intended to be exhaustive or to limit the disclosure. Indi-
vidual elements or features of a particular embodiment are
generally not limited to that particular embodiment, but,
where applicable, are interchangeable and can be used 1n a
selected embodiment, even iI not specifically shown or
described. The same may also be varied 1n many ways. Such
variations are not to be regarded as a departure from the
disclosure, and all such modifications are intended to be
included within the scope of the disclosure.

What 1s claimed:

1. An electric fluid pump for use in a motor vehicle, the
clectric fluid pump comprising:

a pump housing defining a flmd chamber and a motor
chamber, said fluid chamber being 1n fluid communi-
cation with a fluid inlet and a fluid outlet for providing
a unidirectional flow of a coolant through said fluid
chamber:

an electric motor disposed within said motor chamber,
said electric motor including a stator and a rotor, said
rotor being supported for rotation relative to said stator
by a rotor shaft extending along a longitudinal axis
through said motor chamber;

an 1mpeller fixed to said rotor shait for rotation in said
fluid chamber and operable to pump coolant from said
fluid 1nlet to said fluid outlet; and

a controller 1 closed loop commumcation with said
electric motor;

wherein said impeller 1s operable to rotate 1n a first rotary
direction and an opposite second rotary direction 1n
response to a signal from said controller, said first
rotary direction producing a first positive tflow rate of
coolant outwardly from said fluid outlet and said sec-
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ond rotary direction producing a second positive flow
rate of coolant outwardly from said fluid outlet, and
wherein said first positive flow rate 1s greater than said
second positive flow rate;

wherein said controller monitors a real-time rotational

speed of said impeller and compares said real-time
rotational speed with a predetermined target speed,
wherein said controller commands said impeller to
rotate 1n said first rotary direction when said target
speed signal 1s greater than said real-time rotational
speed to produce the first positive flow rate of the
coolant, and wherein said controller commands said
impeller to rotate in said second rotary direction when
said target speed signal 1s less than said real-time
rotational speed to produce the second tlow rate of
coolant;

wherein said controller 1s configured to command said

impeller to rotate 1n said first rotary direction at a
maximum first direction rotational speed, wherein said
controller 1s configured to command said impeller to
rotate 1 said second rotary direction at a minimum
second direction rotational speed, wherein said mini-
mum second direction rotational speed 1s at least 5% of
said maximum first direction rotational speed.

2. The electric fluid pump of claim 1 wherein said electric
motor 1s a brushless direct current motor.

3. The electric fluid pump of claim 1 wherein said
impeller further rotates at a minimum first direction rota-
tional speed 1n said first rotary direction.

4. The electric fluid pump of claim 3 wherein said first
positive tlow rate increases as the first direction rotational
speed of said impeller increases, and said second positive
flow rate increases as the second direction rotational speed
of said impeller increases.

5. The electric fluid pump of claim 1 wherein said
impeller has a first pumping efliciency while rotating 1n said
first rotary direction and a second pumping efliciency while
rotating 1n said second rotary direction, said first pumping,
elliciency being greater than said second pumping efliciency.

6. The electric fluid pump of claim 1 wherein said electric
motor draws less current while said impeller rotates i said
second rotary direction.

7. The electric fluid pump of claim 1 wherein the fluid
inlet 1s positioned generally perpendicularly to the fluid
outlet, and wherein the rotor and stator are each axially
spaced from the fluid inlet and the fluid outlet.

8. The clectric fluid pump of claim 1 wherein the mini-
mum second direction rotational speed 1s between 5% and
10% of the maximum first direction rotational speed.

9. The electric fluid pump of claim 1, wherein said fluid
inlet 1s a single fluid 1nlet of said fluid chamber and said fluid
outlet 1s a single fluid outlet of said fluid chamber, wherein
all of the coolant entering said fluid chamber through said
single tluid mlet will exit said fluid chamber through said
single fluid outlet.

10. The electric flmd pump of claim 1 wherein said fluid
chamber defines a chamber base surface disposed perpen-
dicular to the longitudinal axis, and said impeller defines an
impeller base surface disposed perpendicular to the longi-
tudinal axis, wherein the chamber base surface and the
impeller base surface are co-planar.

11. A method of regulating a positive, unidirectional tlow
of fluid through a fluid chamber to a fluid outlet of an electric
fluid pump having an electric motor, including a stator
having coils and a rotor having magnets supported for
rotation within the stator by a rotor shait, and having an
impeller fixed to the rotor shatt for rotation to pump coolant

10

15

20

25

30

35

40

45

50

55

60

65

8

from a tluid inlet to the fluid outlet, and having a controller
in closed loop communication with the electric motor,
comprising;
commanding the impeller to rotate in a first rotary direc-
tion and an opposite second rotary direction in response
to respective signals received from the controller, with
the first rotary direction producing a first positive flow
rate of the coolant outwardly from the tluid outlet and
the second rotary direction producing a second positive
flow rate of the coolant outwardly from the fluid outlet,
wherein the first positive tlow rate 1s greater than the
second positive flow rate;
continuously monitoring a real-time rotational speed of
the 1mpeller with the controller by reading a back
clectromotive force generated by the magnets in the
rotor passing the coils 1n the stator and via closed loop
control and comparing the real-time rotational speed
with a predetermined target speed signal, and com-
manding the impeller to rotate in the first rotary direc-
tion when the target speed signal 1s greater than the
real-time rotational speed to produce the first positive
flow rate of the coolant, and commanding the impeller
to rotate 1n the second rotary direction when the target
speed signal 1s less than the real-time rotational speed
to produce the second positive flow rate of the coolant.

12. The method of claim 11 further including providing
the electric motor as a brushless direct current motor.

13. The method of claim 11 further including rotating the
impeller at a mimmimum {irst direction rotational speed in the
first rotary direction and at a minimum second direction
rotational speed 1n the second rotary direction.

14. The method of claim 13 further including causing the
first positive flow rate to increase as the first direction
rotational speed of the impeller increases, and causing the
second positive tlow rate to increase as the second direction
rotational speed of the impeller increases.

15. The method of claim 11 further including configuring
the impeller to have a first pumping etliciency while rotating
in the first rotary direction and a second pumping efliciency
that 1s less than the first pumping efliciency while rotating in
the second rotary direction.

16. The method of claim 11 further including configuring
the electric motor to draw less than about 0.6 amps while the
impeller rotates in the second rotary direction.

17. The method of claim 11 wherein the controller com-
mands the impeller to rotate in the second rotary direction
during a start-up condition of an automobile engine when
there 1s a low coolant demand in the automobile engine.

18. The method of claim 11 wherein the controller com-
mands the impeller to rotate 1n the secondary rotary direc-
tion at a rotational speed of 600 RPM or greater.

19. An electric flmmd pump for use 1 a liquid coolant
system of a motor vehicle, the electric fluid pump compris-
ng:

a pump housing defining a fluud chamber and a motor
chamber, said fluid chamber being 1n fluid communi-
cation with a fluid inlet and a fluid outlet for providing
a unidirectional flow of a liquid coolant through said
flmud chamber;

an electric motor disposed within said motor chamber,
said electric motor including a stator having coils and
a rotor having magnets which 1s supported for rotation
relative to said stator by a rotor shatt;

an 1mpeller fixed to said rotor shaft for rotation 1n said
fluid chamber and operable to pump the liquid coolant
from said fluid inlet to said fluid outlet; and
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a controller 1n closed loop communication with said

clectric motor, said impeller 1s operable to rotate 1n a
first rotary direction and an opposite second rotary
direction 1n response to a signal from said controller,
said first rotary direction producing a first positive flow
rate of coolant outwardly from said fluid outlet and said
second rotary direction producing a second positive
flow rate of coolant outwardly from said fluid outlet,

and wherein said first positive tlow rate 1s greater than
said second positive tlow rate;

wherein said controller monitors a real-time rotational

speed of said impeller by reading a back electromotive
force generated by the magnets 1n the rotor passing the
coils i the stator and compares said real-time rota-
tional speed with a predetermined target speed signal,
wherein said controller commands said impeller to
rotate 1n said first rotary direction when said target
speed signal 1s greater than said real-time rotational
speed to produce the first positive flow rate of the
coolant, and wherein said controller commands said
impeller to rotate 1n said second rotary direction when
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said target speed signal 1s less than said real-time
rotational speed to produce the second positive tlow
rate of coolant.

20. The electric fluid pump of claim 19 wherein said
clectric motor 1s a brushless direct current motor.

21. The electric fluid pump of claim 19 wheremn said
impeller rotates at a minimum positive operational rotational
speed 1n said first rotary direction and at a minimum
negative operational rotational speed 1n said second rotary
direction.

22. The electric fluid pump of claim 21 wherein said first
positive flow rate increases as the positive rotational speed
of said impeller increases, and said second positive flow rate
increases as the negative rotational speed of said impeller
1ncreases.

23. The electric fluud pump of claim 19 wherein said
impeller has a first pumping efliciency while rotating 1n said
first rotary direction and a second pumping efliciency while
rotating 1n said second rotary direction, said first pumping

20 efliciency being greater than said second pumping efliciency.
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